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論 文 内 容 要 旨          
  The requirements for high density spin transfer torque magnetoresistance random access memory (STT-MRAM) application in 
generally are the tunnel magnetoresistance (TMR) ratio more than 100% at room temperature, the critical current density less than 0.5 
MA/cm2, and thermal stability factor larger than 60 for 10 years longevity. Perpendicular magnetic tunnel junctions (p-MTJs) based 
on MnGa with perpendicular magnetic anisotropy (PMA) is one of the good candidate for satisfying the above mentioned properties. 
One of the issues related to MnGa alloy based MgO-MTJs is small TMR ratio, which is probably due to the large lattice mismatch 
between MnGa and MgO and also the oxidation of interface. The relatively high TMR ratio has been reported in the p-MTJs based on 
MnGa electrode with an ultra-thin ferromagnetic metal/alloy interlayer between MnGa and MgO barrier. Interestingly, the magnetic 
interfacial exchange coupling (Jex) was found to be ferromagnetic (antiferromagnetic) for the Fe (Co)-rich interlayer, when the FeCo 
alloys interlayer were introduced. So, further investigation of this coupling in magnetic bilayer with MnGa is meaningful because the 
antiferromagnetic coupling is very rare in the magnetic films with PMA and is technologically important to achieve synthetic 
ferrimagnetic structure for memory applications. To reduce critical current density with maintaining thermal stability factor, thickness 
of this synthetic ferrimagnet should be less than 5 nm which is important to use as free layer in p-MTJs based on MnGa alloy. In This 
dissertation we study on the structural and magnetic properties of the bilayer consisting of in plane magnetic anisotropy materials 
(IMA) and D022-MnGa film. The Co-B binary and Co-based cubic Heusler alloys including Co2FeAl (CFA), Co2FeSi (CFS), 
Co2MnAl (CMA), and Co2MnSi (CMS) were used as IMA materials. Objectives of this research to satisfy requirements for 
STT-MRAM are: 
1) Investigation of structure and magnetic properties of cubic Heusler/tetragonal D022-MnGa bilayer film. 
2) Investigation of Jex of cubic Heusler/tetragonal D022-MnGa bilayer to get strong antiferromagnetic Jex. 
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3) Make clear the origin of the Jex for cubic Heusler/tetragonal D022-MnGa bilayer.  
4) Reduction of thickness of cubic Heusler/tetragonal D022-MnGa bilayer to achieve synthetic ferrimagnet with PMA. 
 
     To investigate structural and magnetic properties of IMA/D022-MnGa bilayers we have fabricated different bilayers with the 
stacking structure of (100) single crystalline MgO substrate / Cr (10) / D022-MnGa (30) / IMA (20) / Cr (5) (thickness is in 
nanometers). The epitaxial bilayers were fabricated using an ultrahigh vacuum magnetron sputtering system with a base pressure of 
less than 1 × 10−7 Pa. All the layers were deposited at room temperature. The in-situ annealing was employed at 400ºC after the MnGa 
deposition. Annealing temperature dependence has been investigated by rapid thermal annealing (RTA) system. In order to fabricate 
synthetic ferrimagnet with good PMA, the thickness of IMA materials were decreased. Two series IMA (1-20)/D022-MnGa (30) 
bilayer films without and with post annealing at optimized annealing temperature were fabricated. Finally the thickness of CMS 
Heusler alloy and D022-MnGa were decreased to achieve ultra-thin synthetic ferrimagnet. For characterization of structural and 
magnetic properties, the X-ray diffractometer (XRD) with the Cu Kα radiation, polar magneto optical Kerr effect (P-MOKE) system at 
laser wavelength of 400 nm, and a vibrating sample magnetometer (VSM) were used. 
      
      All the bilayer films have been successfully grown even for un-annealed samples. Large critical annealing temperature 
(450°C) were observed for the CFA/MnGa and CMA/MnGa bilayer, which shows the good structural stability. The antiferromagnetic 
Jex were observed for CFS/MnGa (Jex = -0.4 ~ -1 erg/cm2), CMA/MnGa (Jex = -0.75 ~ -1.15 erg/cm2), and CMS/MnGa (Jex = -2.5 ~ 
-3.2 erg/cm2) bilayers, whereas both kinds of Jex were observed in the CFA/MnGa (Jex = 0.8 ~ -1.5 erg/cm2) bilayer depending on 
annealing temperature. The ferromagnetic and antiferromagnetic Jex in Co-based cubic Heusler alloys and tetragonal D022-MnGa film 
originate from their electronic band structure at Fermi level. The relative strong Jex about -3.2 erg/cm2 was observed for CMS/MnGa 
bilayer which is comparable with Fe-Co/MnGa work. The large critical thickness between 5 and 10 nm was observed for 
CMS/MnGa bilayer which originates from strong antiferromagnetic Jex and moderate saturation magnetization compared to another 
Co-based cubic Heusler alloys. The bilayer with 1-nm-thick CMS and 7.5-nm-thick D022-MnGa show good PMA which makes this 
bilayer as good choice for making free electrode of p-MTJ based on MnGa alloy.  
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